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(57) ABSTRACT

A temperature-sensing, variable-speed fan drive with a fluid
coupling filled with working fluid, for cooling two stacked
heat exchangers, namely an engine cooling-system radiator
and an air-conditioner condenser located i1n front of the
radiator, comprises a partition plate dividing the internal
space of a fan housing imnto a reservoir chamber and a
working chamber, and two different communication ports,
cach formed in the partition plate to communicate the
reservolr chamber with the working chamber. In addition to
a first valve mechanism which adjusts the opening of one of
the two communication ports 1n response to atmospheric
temperature 1n the circumierence of the housing, a second
valve mechanism 1s provided to adjust the opening of the
other of the two communication ports 1n response to a
refrigerant pressure 1n the air-conditioner condenser. The
second valve mechanism includes a valve portion which
opens and closes the other communication port, a push rod
assoclated with the valve portion, and an actuator which
shifts the push rod from 1nactive to active 1n response to a
control signal. Also provided is a fan-drive controller which
outputs the control signal to the actuator when the refriger-
ant pressure 1n the air-conditioner condenser exceeds the
predetermined threshold value.

19 Claims, 6 Drawing Sheets
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TEMPERATURE SENSING FAN DRIVE
WITH FLUID COUPLING

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to the improvements of a
temperature-sensing, variable-speed fan drive with a fluid
coupling, incorporated 1 a cooling system of an internal
combustion engine.

2. Description of the Prior Art

FIG. 9 shows a typical temperature-sensing, variable-
speed viscous fan drive with a small fluid coupling partly
filled with a special silicone o1l. The conventional fan drive
(or a fan coupling device) 101 includes a driven housing 104
rotatably supported on a drive shaft 102 by way of a ball
bearing 103, a partition plate 108 dividing the internal space
of the housing 104 1nto a fluid reservoir chamber 105 and a
working chamber 106, a communication port 107 formed in
the partition plate 108 in such a manner as to intercommu-
nicate the reservoir chamber 105 and the working chamber
106, a rotor 109 fixedly connected to the front end of the
drive shaft 102 and housed within the working chamber 106,
a torque-transmitting viscous-coupling portion 110 transmit-
ting torque from the rotor 109 to the housing 104, and a
valve mechanism 111 capable of regulating the amount of
working fluid flowing from the reservoir chamber 105 via
the communication port 107 to the working chamber 106 by
adjusting or controlling the opening or size of the commu-
nication port 107 depending on the atmospheric temperature
in the circumierence of the housing 104. The drive shaft 1s
driven by the engine crankshaft of an internal combustion
engine. As seen 1n FIG. 9, the housing 104 1s constructed by
a housing body 121 rotatably supported on the drive-shaft
front end through the ball bearing 103, and a front cover
portion 122 tightly fitted to the front face of the housing 104.
The cover portion 122 has a substantially circular recessed
portion 123 formed 1n 1ts mner peripheral portion to define
the reservoir chamber 105. Also, the cover portion 122 has
a ring-shaped flanged portion 125 formed 1n its outer periph-
cral portion to define a working-fluid return passage 124
theremn. The outermost peripheral portion of the housing
104, consisting of the housing body 121 and the cover
portion 121, 1s formed with a plurality of cooling-fan
mounting bolt holes for mounting the cooling fan on the
housing 104 by means of bolts. The viscous-coupling por-
tion 110 consists of two sets of concentric labyrinth portions
127 and 128 alternately fixed to the flanged portion 125 of
the housing and the rotor 109, with the viscous fluid between
them. As 1s generally known, the previously-noted valve
mechanism 111 includes a temperature-sensing bimetallic
coil, a valve operating shaft, and a valve portion. When
engine cooling requirements are low, such as during cool-
weather, intermediate-speed operation, the communication
port 107 1s fully closed by the valve mechanism 111 to cut
off the flow of working fluid from the reservoir chamber 105
to the working chamber 106 1n order to block the flow of
working fluid into the viscous-coupling portion 110. Thus,
the working fluid 1s withdrawn from the torque-transmitting,
viscous-coupling portion 110 via the return passage 124 mnto
the reservoir chamber 105. Thus, so less power or torque
passes through and the fan speed drops to the minimum. In
contrast to the above, when engine cooling requirements are
high, such during high temperature, high-speed operation,
the communication port 107 1s fully opened by the valve
mechanism 111 to allow the flow of working fluid from the
reservolr chamber 105 to the working chamber 106. Thus,
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more working fluid 1s fed via the communication port 107
toward within the torque-transmitting, fluid coupling portion
110. More power or torque passes through the coupling
portion 110 and thus the fan speed increases, so as to
ciiectively cool an engine cooling-system radiator. One such
temperature-sensing, variable-speed viscous fan drive with a
small fluid coupling has been disclosed 1n Japanese Utility-
Model Provisional Publication Nos. 57-204491 and
3-77825. On automotive vehicles with an air conditioning
system, a sole temperature-sensing, variable-speed fan cou-
pling device 1s often used for cooling at least two stacked
heat exchangers, namely a cooling-system radiator, and an
air-conditioner condenser usually located 1n front of the
radiator. On cars with two stacked heat exchangers, there 1s
the following problem. If the air conditioning system comes
into operation under a particular condition where engine
cooling requirements are high, as 1n the summer, and the
engine begins to run or 1s 1dling, 1t 1s difficult to adequately
cool the air-conditioner condenser, for the reasons set out
below.

That 1s, when the air conditioning system comes 1nto
operation under the previously-noted particular condition,
air temperature 1n the circumference of the air-conditioner
condenser rises, and thus refrigerant pressure begins to rise.
Suppose the atmospheric temperature 1n the circumference
of the cooling-fan housing does not yet rise. In such a case,
the cooling fan never rotates. The condenser cannot be
cooled satistactorily, thus resulting 1n reduction 1n the air
conditioning system efficiency (the heat exchanging
efficiency). To avoid this (to ensure a required airflow
through the condenser), it is possible to add auxiliary fans.
This mmduces a more complicated construction of the system,
and 1ncreases production costs.

SUMMARY OF THE INVENTION

Accordingly, 1t 1s an object of the 1nvention to provide a
temperature-sensing, variable-speed fan drive with a fluid
coupling which avoids the aforementioned disadvantages of
the prior art.

It 1s another object of the invention to provide a sole
temperature-sensing, variable-speed fan drive with a fluid
coupling, which 1s capable of satistactorily cooling at least
two stacked heat exchangers, such as a cooling-system
radiator and an air-conditioner condenser both located 1n
front of an 1nternal combustion engine, by means of the sole
fan drive with the fluid coupling, even when an air-
conditioning system comes 1nto operation under a particular
condition where engine cooling requirements are high and
the engine begins to run or 1s idling.

In order to accomplish the aforementioned and other
objects of the present invention, a temperature-sensing,
variable-speed fan drive with a fluid coupling filled with
working fluid, for cooling an engine cooling-system heat
exchanger and an air-conditioner condenser stacked 1n front
of the cooling-system heat exchanger, comprises a fan
housing rotatably supported on a drive shaft having a driven
connection with an engine crankshaft, a partition plate
dividing an internal space of the fan housing into a working-
fluid reservoir chamber and a working chamber, a first
communication port formed 1n the partition plate to com-
municate the working-fluid reservoir chamber with the
working chamber, a second communication port formed 1n
the partition plate and different from the first communication
port to communicate the working-fluid reservoir chamber
with the working chamber, a rotor fixedly connected to the
drive shaft, a torque-transmitting viscous-coupling portion
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disposed between the rotor and the fan housing to transmait
torque from the rotor to the fan housing via the working
fluid, a first valve mechanism which adjusts an opening of
the first communication port 1n response to an atmospheric
temperature 1 a circumierence of the fan housing, and a
second valve mechanism which adjusts an opening of the
second communication port 1n response to a refrigerant
pressure 1n the air-conditioner condenser. It 1s preferable that
the first valve mechanism provides an atmospheric-
temperature versus volumetric capacity characteristic that
the first communication port begins to open when the
atmospheric temperature in the circumierence of the fan
housing reaches a predetermined lower threshold value, and
that the opening of the second communication port increases
linearly as the atmospheric temperature 1n the circumference
of the fan housing increases from the predetermined lower
threshold value to a predetermined upper threshold value,
and that the opening of the second communication port 1s
fixed to a predetermined maximum value when the atmo-
spheric temperature 1n the circumference of the fan housing
exceeds the predetermined upper threshold value, and addi-
tionally the second valve mechanism adjusts the opening of
the second communication port to a predetermined maxi-
mum value, when the refrigerant pressure in the air-
conditioner condenser exceeds a predetermined threshold
value. More preferably, the second valve mechanism may
comprise a valve portion which opens and closes the second
communication port formed 1n the partition plate, a push rod
associated with the valve portion to maintain the opening of
the second communication port at the predetermined maxi-
mum value when the push rod 1s maintained in an active
position and to close the second communication port when
the push rod 1s maintained 1n an inactive position, an
actuator which shifts the push rod from the 1nactive position
o the active position 1n response to a control signal, and a
fan-drive controller which outputs the control signal to the
actuator when the refrigerant pressure 1n the air-conditioner
condenser exceeds the predetermined threshold value.

According to another aspect of the invention, a control
apparatus for a temperature-sensing, variable-speed fan
drive with a fluid coupling filled with working fluid, for
cooling an engine cooling-system radiator and an air-
conditioner condenser stacked 1n front of the cooling-system
radiator, the fan drive having a fan housing rotatably sup-
ported on a drive shaft having a driven connection with an
engine crankshaft, a partition plate dividing an internal
space of the fan housing into a working-fluid reservoir
chamber and a working chamber, a rotor fixedly connected
to the drive shaft, and a torque-transmitting viscous-
coupling portion disposed between the rotor and the fan
housing to transmit torque from the rotor to the fan housing
via the working fluid, comprises a first communication port
formed 1n the partition plate to communicate the working-
fluid reservoir chamber with the working chamber, a second
communication port formed in the partition plate and dif-
ferent from the first communication port to communicate the
working-fluid reservoir chamber with the working chamber,
a duplex valve system including a first valve mechanism
having a first valve portion which adjusts an opening of the
first communication port, and a second valve mechanism
having a second valve portion which adjusts an opening of
the second communication port in response to a refrigerant
pressure 1n the air-conditioner condenser, a temperature-
sensing bimetallic coil fixedly connected at one end to the
fan housing and mechanically linked at the other end to the
first valve portion for adjusting the opening of the first
communication port in response to an atmospheric tempera-
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ture 1n a circumfierence of the fan housing, a refrigerant
pressure sensor which monitors a refrigerant pressure 1n the
air-conditioner condenser to generate a refrigerant pressure
sensor signal, a fan-drive controller electronically connected
to the refrigerant pressure sensor to receive the refrigerant
pressure sensor signal and to generate a control signal when
a value of the refrigerant pressure sensor signal exceeds a
predetermined threshold value, and an actuator associated
with the second valve portion and being responsive to the
control signal from the fan-drive controller to shift the
second valve portion from a fully-closed position to a
full-open position.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a longitudinal cross section of one embodiment
of a temperature-sensing fan drive with a fluud coupling
according to the mnvention, under a second valve mechanism
1S 1n an In-operative state.

FIG. 2 1s a longitudinal cross section of the temperature-
sensing fan drive of the embodiment, under the second valve
mechanism 1s 1n operative.

FIG. 3 1s an enlarged view 1illustrating a partition plate
employed 1n the temperature-sensing fan drive of the
embodiment.

FIG. 4 1s an enlarged view explaining the operative state
of the second valve mechanism shown 1n FIG. 3.

FIG. § 1s a disassembled view 1llustrating a main valve
portion of the second valve mechanism shown i FIGS. 3

and 4.

FIG. 6 1s a cross section taken along the line A—A of FIG.
5.

FIG. 7 1s a graph 1illustrating operating characteristics of
the first and second valve mechanisms employed in the
temperature-sensing fan drive of the embodiment.

FIG. 8 1s a schematic diagram illustrating the heat-
exchanger arrangement for an automotive vehicle with a
stack of two heat exchangers, that 1s, a cooling-system
radiator, and an air-conditioner condenser, and the layout
among the temperature-sensing fan drive of the
embodiment, the radiator, and the condenser.

FIG. 9 1s a longitudinal cross section of a conventional
temperature-sensing fan drive with a fluid coupling.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring now to FIGS. 1 through 8, the temperature-
sensing, variable-speed fan drive of the mnvention i1s exem-
plified 1n an automotive vehicle with two stacked heat
exchangers, namely a cooling-system radiator for an internal
combustion engine, and an air-conditioner condenser for an
air conditioning system. The fluid coupling of the fan drive
of the embodiment 1s partly filled with a special viscous
silicone fluid (oil). As shown in FIG. 8, the temperature-
sensing, variable-speed, fluid-coupling-equipped fan drive 1
of the embodiment 1s located in the front of the engine room
of the automotive vehicle. The outer peripheral portion of
the fan drive 1 1s shrouded by way of a fan shroud 6 attached
to the rear side of a cooling-system radiator 7. As shown 1n
FIG. 8, the cooling-system radiator 7 1s generally located
nearest to the engine (exactly, in the front of the fan drive 1
with the fluid coupling). In the illustrated embodiment, an
air-conditioner condenser 8 1s located ahead of the radiator
7. The fan drive 1 includes a fan housing or hub 10 rotatably
supported on a drive shaft 2 by way of a radial ball bearing
22, a partition plate or a separator plate 13 dividing the
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internal space of the fan housing 10 mto two chambers, that
1s, a working-fluid reservoir chamber 11 and a working
chamber 12, a first communication port 14 formed in the
partition plate 13 1n such a manner as to communicate the
reservolr chamber 11 with the working chamber 12, a rotor
15 fixedly connected to the front end of the drive shaft 2 and
housed within the working chamber 12, a driven wheel 17
disposed 1n the working chamber 1n such a manner as to
oppose to the front face of the rotor 15, a torque-transmitting
viscous-coupling portion 16 disposed between the rotor 15
and the driven wheel 17 to transmit a rotational force (or
torque) from the rotor 15 to the rotatable fan housing 10 via
the working fluid (viscous silicone oil), and a first valve
mechanism 26 capable of regulating or adjusting the amount
of working fluid flowing from the reservoir chamber 11 to
the working chamber 12 by adjusting or controlling the
opening of the first communication port 14. The drive shaft
2 has a driven connection with the engine crankshatt of the
internal combustion engine. The previously-noted construc-
tion of the fan drive 1 1s conventional. In the fan drive of the
invention, note that a second communication port 23 1is
formed 1 the partition plate 13 in such a manner as to
communicate the reservoir chamber 11 with the working
chamber 12, and also a second wvalve mechanism 27 1s
provided to regulate or adjust the amount of working fluid
flowing from the reservoir chamber 11 to the working
chamber 12 by adjusting or controlling the opening of the
second communication port 23, independently of the first
valve mechanism 26 associated with the first communication
port 14. An electronic fan-drive control unit (simply a
controller) 9a 1s also provided for electronically controlling
the second valve mechanism 27, exactly for controlling
activation and deactivation of an electromagnetic coil 30c,

constructing part of a second-valve-mechanism actuator 30,
which will be fully described later.

As best seen 1n FIGS. 1 and 2, the housing 10 includes a
fan housing body 10a rotatably supported on the front end
of the drive shaft 2 through the ball bearing 22, and a front
cover portion 105 secured to the front face of the housing
body 10a by means of bolts 18. The cover portion 105 has
a substantially circular recessed portion 20 formed 1in its
inner peripheral portion to define the reservoir chamber 11.
As shown 1n FIG. 8, the outermost peripheral portion of the
housing 10 (the housing body 10a and the cover portion 105)
1s formed with a plurality of cooling-fan mounting bolt holes
for mounting a cooling fan 4 with a plurality of fan blades
by means of bolts. Returning to FIGS. 1 and 2, the outer
peripheral portion of the driven wheel 17 fixedly connected
to the rear face of the cover portion 105 of the housing 10.
The rotor 15 has a plurality of annular ridges 15a
(corresponding to concentric driving plates) and annular
grooves (corresponding to labyrinth grooves). On the other
hand, the driven wheel 17 opposing to the rotor 15, has a
plurality of annular ridges 17a (corresponding to concentric
driven plates) and annular grooves (corresponding to laby-
rinth grooves). The torque-transmitting viscous-coupling
portion 16 1s constructed by the previously-noted two sets of
plates 154 and 17a alternately fixedly connected to the rotor
15 and the driven wheel 17 (or the housing 10), with the
working fluid (viscous fluid) between them. The height of
cach of the annular ridges (or the annular driven plates) 17a
of the driven wheel 17 1s designed to be substantially equal
to that of each of the annular ridges (or the annular driving
plates) 15a of the rotor 15. With the previously-described
labyrinth groove structure, when the rotor 15 1s driven,
viscous shear between the driving (154) and driven (17a)
plates, due to rotational slippage, causes shear torque trans-
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fer to the driven wheel 17, and thus the torque 1s transmitted
from the rotor 15 by viscous friction between the driving
(input) and driven (output) plates 15a and 174 via the driven
wheel 17 to the housing 10.

As best seen 1n FIG. 3, the partition plate 13 1s formed 1nto
an essentially circular shape, and made of metallic materials
such as a metal sheet. The partition plate 13 1s provided 1n
the housing 10 1n such a manner as to close the opening end
of the substantially circular recessed portion 20 of the cover
portion 10b. The circumferentially-extending outer edged
portion of the circular-shaped partition plate 13 1s fixedly
connected to the flanged portion 21 of the cover portion 105
by way of caulking. The partition plate 13 has a substantially
cone-shaped embossed portion 13a formed substantially
midway between the center and outer edged portion
(circumference) of the partition plate 13, and projected
toward the rotor 15. Also, the first and second communica-
tion ports 14 and 23, angularly spaced by approximately 90
degrees, are located near the outer edged portion and formed
in the partition plate 13 by way of punching. As clearly
shown 1n FIG. 3, the first communication port 14 1s formed
into a substantially L-shape, whereas the second communi-
cation port 23 1s formed into a substantially T-shaped
rectangle extending in the radial direction of the partition
plate 13. The second communication port 23 consists of a
comparatively small-width bottom fluid-communication
portion 23a and a comparatively large-width top fluid-
communication portion 23b. As can be appreciated from the
phantom line (see the angular position of 12 o’clock or the
vertical direction) indicated in FIG. 3, the first valve mecha-
nism 26 1s arranged on one side wall of the partition plate 13
so as to adjust the opening of the substantially L-shaped first
communication port 14 depending on the atmospheric tem-
perature 1n the circumference of the housing 10. The first
valve mechanism 26 includes an elongated flat-plate first
valve portion 264, a temperature-sensing spiral bimetallic
coil 19, and a valve operating shaft 25 (see FIGS. 1 and 2)
rotatably supported on the cover portion 10b of the housing
10. The inside end of the bimetallic coil 19 1s fixedly
connected to the outside end of the valve operating shaft 235,
while the outside end of the bimetallic coil 19 1s fixedly
connected to the cover portion 10b. On the other hand, the
inside end of the valve operating shaft 25 1s fixedly con-
nected to the first valve portion 26a nearby the center of the
partition plate 13. Therefore, when the atmospheric tem-
perature 1n the circumierence of the housing 10 drops, the
bimetallic coill 19 contracts, and as a result the wvalve
operating shaft 25 rotates 1n a direction closing the first
communication port 14 by clockwise rotation (viewing FIG.
3) of the first valve portion 264, while being maintained in
sliding-contact with the side-wall face of the partition plate
13. Conversely, when the atmospheric temperature 1n the
circumference of the housing 10 rises, the bimetallic coil 19
extends. As a result, the valve operating shaft 25 rotates in
a direction opening the {first communication port 14 by
counterclockwise rotation (viewing FIG. 3) of the first valve
portion 264, while being maintained in sliding-contact with
the side-wall face of the partition plate 13.

As appreciated from FIGS. 1 through 6 (especially the
phantom line of FIG. 3 (see the angular position of 9 o’clock
or the horizontal direction), the second valve mechanism 27
1s arranged 1n such a manner as to be angularly spaced by
approximately 90 degrees from the first valve mechanism
26. As best seen mn FIGS. 3 and 4, the second wvalve
mechanism 27 includes a second valve set 28 capable of
opening and closing the second communication port 23, a
push rod 29 associated with the second valve set 28, and an
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electromagnetically-operated (or solenoid-operated) second
valve actuator 30. As seen 1n FIGS. 3 through 6, the second
valve set 28 mncludes a second valve portion 31 provided on
the forward side wall of the partition plate 13 except a
predetermined sliding-motion area of the first valve portion
26a, and a push arm 32 provided on the backward side wall
of the partition plate 13 for pushing the back face of the
second valve portion 31 1n a direction opening the second
valve portion. As appreciated from FIGS. 3, 4, and 5, the
second valve portion 31 is substantially rectangular 1n shape
and somewhat similar to a reed valve only 1n appearance.
The reed valve and the second valve portion are very alike
in appearance but quite different in nature. That 1s, the
typical reed valve 1tself 1s generally 1s operated by a ditfer-
ential pressure, however, the second valve portion 31 1is
forcibly operated by means of the push rod 29. As best seen
mm FIG. 5, the installation end 31a of the second valve
portion 31 1s formed with two rivet holes 31b. Actually, the
second valve portion 1s attached onto the one side wall (the
forward side wall) of the partition wall 13 by means of rivets
34. The riveted mstallation end 31a of the second valve
portion 31 serves as a fulcrum, and the tip end 31c of the
second valve portion 31 functions as a leal spring that is
clastically deformable and pre-loaded in a direction closing
the second communication port 23. As shown 1n FIGS. 5 and
6, the push arm 32 1s formed as an elongated plate. The push
arm 15 comprised of an installation end 324 having a rivet
hole 32b, and a substantially 90°-curved tip end 32¢ being
clastically permanently 1n contact with the back face of the
tip end 31c¢ of the second valve portion 31 via the large-
width top fluid-communication portion 23b of the second
communication port 23. The push arm 32 1s attached onto
the embossed portion 13a of the other side wall (the back-
ward side wall) of the partition plate 13 by means of a rivet
33. In order to reliably transmit a pushing force created by
the stroke of the push rod 29 (detailed later) via the push arm
32 to the second valve portion 31, the push arm 32 is bent
backwards at 1ts intermediate portion to form two opposing,
side wall portions 324 and to enhance the rigidity of the push
arm 32 (see the C-shaped cross section of FIG. 6). The side
wall portions 32d also serve as a sliding-motion guide for the
semi-spherical pushing end 295 of the push rod 29 during
activation of the push rod 29 (or the electromagnetically-
operated second valve actuator 30). A part of the free end of
the push arm containing the curved tip end 32¢ (substantially
'3 the entire length of the push arm 32) 1s loosely engaged
with small-width bottom fluid-communication portion 23a
of the second communication port 23, in such a manner as
to allow elastic deformation of part of the free end of the
push arm 32 1n the valve opening direction.

As clearly shown 1n FIGS. 1 and 2, the push rod 29 1s
slidably 1nserted 1nto and disposed 1n msertion holes 37 and
38 formed 1n the drive shaft 2, and an 1nsertion hole 39a of
a bearing 39 mcorporated 1n an actuator mounting bracket 3
connected to the engine cylinder head 5. The bottom end 294
of the push rod 29 1s connected to a movable core 30a of the
clectromagnetically-operated second valve actuator 30, the
semi-spherical pushing end 295 of the push rod 29 is 1n
contact with the push-arm 1ntermediate portion with the two
opposing side wall portions 32d and slidably supported on
the inner periphery of an annular o1l seal 37 1n a fluid-tight
fashion. The second valve actuator 30 1s provided 1n a
holding groove or an actuator accommodating bore 3a
formed 1n the mounting bracket 3 and facing to the front end
of the cylinder head 5. The actuator 30 1s comprised of an
clectromagnetic coil 30c energized or de-energized 1n
response to a control signal (or a command signal) from the
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controller 94, a stationary core 30b fixedly connected to the
inner periphery of the electromagnetic coil 30c¢, and the
movable core 30a connected to the bottom end 294 of the
push rod 29 and located near the opening end of the
accommodating bore 3a of the mounting bracket 3. A return
spring 30d 1s disposed between the bottom end of the bore
3a and the 1nside wall surface of the movable core 30a so as
to bias the movable core (that is, the push rod 29) in the
rightward axial direction (in the second-valve closing
direction). In the shown embodiment, the return spring 30d
1s designed so that the pushing end 29a of the push rod 29
begins to break contact with the back face of the push arm
32 when the push rod 29 (or the movable core 30a) is
maintained at its spring-loaded position (an initial position
or an inactive position), thereby increasing the responsive-
ness to valve opening action of the second valve mechanism
27 based on the control signal from the controller 9a. In a
conventional manner, the controller 9a comprises a micro-
computer generally constructed by a central processing unit
(CPU), an input/output interface, and a computer memory.
As seen 1n FIG. 8, the input interface of the controller 9a
receives a signal from a refrigerant pressure sensor 8a. The
refrigerant pressure sensor 8a 1s mounted on the air-
conditioner condenser 8 for monitoring and relaying refrig-
erant pressure information (a refrigerant pressure sensor
signal) to the input interface of the controller 9a. The CPU
of the controller 9a monitors a specified pressure (or a
predetermined refrigerant pressure threshold), and compares
it to the refrigerant pressure sensor signal. The previously-
noted specified pressure 1s defined as a pressure criterion
above which an air-conditioner cut-off switch becomes ON.
When the refrigerant pressure sensor signal value 1s above
the specified pressure threshold, the output interface of the
controller 9a generates a control signal (an ON signal) to a
second-valve-mechanism electromagnetic-coil activation
switch 9b to turn the switch 96 ON. With the switch 9b
turned ON, electric power 1s sent from an electric power
supply (a battery) 9c¢ via a harness 50 to the electromagnetic
coll 30c incorporated 1n the actuator mounting bracket 3.

With the previously-described arrangement, in hot
weather such as 1n summer, the temperature-sensing,
variable-speed viscous fan drive 1 of the embodiment,
especially the second valve mechanism 27 operates as
follows.

If engine coolant temperature 1s still low when starting a
cold engine or when the engine 1s 1dling in the summer, the
atmospheric temperature 1n the circumference of the housing
9 does not yet rise sufliciently. In such a case, the first valve
portion 264 of the first valve mechanism 26 remains closed.
For example, when the air conditioner comes into operation
when the engine 1s 1dling after cold engine start, air tem-
perature 1n the circumierence of the air-conditioner con-
denser 8 tends to rise. As a result, the refrigerant pressure in
the condenser 8, monitored by the refrigerant pressure
sensor 8a, also rises. When the refrigerant pressure sensor
signal value exceeds the predetermined threshold value (the
specified pressure level) owing to the pressure rise in
refrigerant, the second-valve-mechanism electromagnetic-
coll activation switch 9b 1s switched ON. Thus, the electro-
magnetic coill 30c 1s energized, and as a result the movable
core 30a 1s attracted toward the stationary core 30b by way
of the latter core excited. As a consequence, the push rod 29
is shifted from the initial position (the spring-loaded
position) shown in FIG. 1 to the active position shown in
FIGS. 2 and 4. Due to the sliding motion of the push rod 29,
the push arm 32 is pressed strongly against the back face of
the second valve portion 31 by means of the curved tip end
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32¢, so as to urge the free end of the second valve portion
31 toward within the reservoir chamber 11, thus opening the
second valve portion 31 and increasing the opening of the
second communication port 23. As a result of this, the
working fluid (silicone oil) in the reservoir chamber 11 flows
into the working chamber 12, and thus fed to the torque-
transmitting viscous-coupling portion 16. This results 1 an
increase 1n torque transmitted from the rotor 15 via the
viscous coupling portion 26 to the fan housing 10. The
cooling fan 4 as well as the fan housing 10 can rotate at high
rotational speeds. For the reasons set out above, as can be
appreciated from the hatched zone B illustrated in FIG. 7,
even when the atmospheric temperature in the circumfer-
ence of the fan housing 10 1s low, the cooling fan 4 1s rotated
in order to increase the volumetric capacity of airflow
through the two stacked heat exchangers, namely the air-
conditioner condenser 8 and the cooling-system radiator 7.
Theretore, the air-conditioner condenser 8 can be effectively
cooled, even when the air-conditioning system comes 1nto
operation under a particular condition where engine cooling
requirements are high and the engine begins to run or during
idling. The viscous-fan-drive characteristic of the embodi-
ment 1ndicated by the broken line or the hatched zone B of
FIG. 7 1s limited to a particular condition where the engine
cooling requirements are high when starting a cold engine or
when the engine 1s 1dling after the cold engine start. Only
when the refrigerant pressure 1n the condenser 8, monitored
by the refrigerant pressure sensor 8a, also rises. When the
refrigerant pressure sensor signal value exceeds the prede-
termined threshold value under the previously-noted par-
ticular condition, the second valve mechanism 27 1s actuated
to fully open the second communication port 23. As indi-
cated by the broken line or the hatched zone B of FIG. 7, the
volumetric capacity of the cooling fan rises 1n a stepwise
manner, with the refrigerant pressure above the predeter-
mined threshold value and under the particular condition. In
other words, when the particular condition is satisiied, the
second valve mechanism 1s responsive to the refrigerant
pressure sensor signal value exceeding the predetermined
threshold value, to adjust the opening of the second com-
munication port to a predetermined maximum value. In this
manner, the refrigerant pressure sensor 8a, the controller 94,
the switch 95, the second valve mechanism 27 and the
second-valve-mechanism actuator 30 cooperate with each
other to adequately cool the air-conditioner condenser 8,
without preventing engine warm-up. This enhances the heat
exchanging efficiency of the air conditioning system.
Additionally, the temperature-sensing, variable-speed vis-
cous fan drive 1 of the present embodiment, having the
duplex valve system, that 1s, the first and second valve
mechanisms 26 and 27, eliminates the necessity for auxiliary
fans used to lower refrigerant pressure 1n the air-conditioner
condenser 8.

Conversely, when the refrigerant pressure sensor signal
value 1s below the specified pressure level, the second-valve-
mechanism electromagnetic-coil activation switch 95
remains open. The stationary core 30b 1s not excited, and
thus the stationary core 30a 1s kept at its spring-loaded
position shown in FIG. 1. Therefore, the second wvalve
portion 31 1s maintained at 1ts closed position to fully close
the second communication port 23, and thus to block the
flow of working fluid from the reservoir chamber 11 to the
working chamber 12. For this reason, the flow rate of
working fluid supplied to the torque-transmitting viscous-
coupling portion 16 1s reduced. This results 1n a drop 1in
torque transmitted from the rotor 15 via the driven wheel 17
to the fan housing body 10a. The rotational speed of the
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cooling fan 4 attached to the housing 10 decreases, and then
the rotational motion of the fan stops.

On the other hand, as appreciated from the characteristic
curve 1ndicated by the solid line or the zone A of FIG. 7,
when the engine coolant temperature rises and the atmo-
spheric temperature 1n the circumierence of the fan housing
10 also rises, the bimetallic coil 19 extends. According to the

characteristic curve indicated by the solid line or the zone A
of FIG. 7, when the atmospheric temperature 1n the circum-
ference of the housing 10 reaches a predetermined tempera-
ture value (or a predetermined lower threshold value), the
first valve mechanism 26 begins to open. Thereafter, when
the rise 1n atmospheric temperature 1n the circumference of
the housing 10 continues, the opening of the first commu-
nication port 14 increases substantially in a linear fashion.
After this, as soon as the atmospheric temperature in the
circumference of the housing 10 exceeds a predetermined
upper threshold value, the volumetric capacity of the cooling
fan 1s fixed to a maximum value with the first communica-
tion port fully opened. Therefore, according to the increase
in the atmospheric temperature 1n the circumference of the
housing 10, the first valve mechanism 26 operates so that the
valve operating shaft 25 rotates 1n a direction opening the
first communication port 14, and so that the working fluid 1n
the reservoir chamber 11 flows 1nto the working chamber 12,
and then 1s delivered into the torque-transmitting viscous-
coupling portion 16. As a result of this, the torque transmut-
ted from the rotor 15 through the viscous coupling portion
16 and the driven wheel 17 to the fan housing body 10a
increases, and thus the fan 4 as well as the housing 10 can
rotate at high speeds. This effectively cools the air-
conditioner condenser 7.

As will be appreciated from the above, according to the
present 1nvention, 1f refrigerant pressure 1n an air-
conditioner condenser located 1n front of a cooling-system
radiator 1s high under a condition of low atmospheric
temperature 1n the circumference of a fan housing, a second
communication port can be forcibly opened by means of a
second valve mechanism, so as to permit working fluid
(silicone coil) in a reservoir chamber to flow into a working
chamber and adequately feed the working fluid to a torque-
transmitting viscous-coupling portion disposed between the
rotor and the fan housing. Thus, a torque transmitting
efficiency of the viscous-coupling portion can be enhanced
and a high fan speed of the cooling fan attached to the fan
housing can be attained, even under a particular condition of
low atmospheric temperature 1n the circumierence of the fan
housing and high refrigerant pressure in the air-conditioner
condenser. As a consequence, under the previously-noted
particular condition, the air-conditioner condenser can be
ciiectively cooled, thus preventing an heat exchanging efli-
ciency of the air conditioning system from being reduced. As
discussed above, although the temperature-sensing,
variable-speed viscous fan drive of the invention 1s simple 1n
construction, it 1s possible to effectively drop the refrigerant
pressure 1n the air-conditioner condenser under the
previously-noted particular condition. This eliminates the
neced for addition of auxiliary fans, thus simplifies the
construction of the viscous fan drive, and thereby reducing
production costs.

Furthermore, according to the viscous fan drive of the
invention, a fan-drive controller 1s designed to generate a
control signal to an electromagnetically-operated push-rod
actuator (or a second-valve-mechanism actuator), and also a
second valve portion of a second valve mechanism, which 1s
assoclated with a second communication port and different
from a typical valve mechanism comprised of a temperature-
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sensing bimetallic coil, a valve operating shaft, and a
slidable, rotatable valve portion associated with a first com-
munication port, 1s forcibly pushed and opened by way of a
push rod connected to the push-rod actuator, so as to allow
the tflow of working fluid 1n the reservoir chamber into the
working chamber. As a result, even under the particular
condition, a torque transmitting efficiency of the torque-
fransmitting viscous-coupling portion can be enhanced and
the cooling fan attached to the fan housing can be rotated at
higch speeds so as to effectively cool the air-conditioner
condenser and to prevent reduction i1n the heat-exchanging
eficiency of the air conditioning system. The previously-
noted electromagnetically-operated push-rod actuator or the
seccond-valve-mechanism actuator 1s also simple 1in
construction, thus reducing total production costs.

While the foregoing 1s a description of the preferred
embodiments carried out the invention, 1t will be understood
that the mvention i1s not limited to the particular embodi-
ments shown and described herein, but that various changes
and modifications may be made without departing from the

scope or spirit of this invention as defined by the following
claims.

What 1s claimed 1s:

1. A fan drive for cooling an engine cooling-system heat
exchanger and an air-conditioner condenser stacked 1n front
of the cooling-system heat exchanger, comprising:

a fan housing rotatably supported on a motor driven drive
shaft;

a parftition plate dividing an internal space of the fan
housing into a working-fluid reservoir chamber and a
working chamber:

a first communication port formed 1n the partition plate to
communicate the working-fluid reservoir chamber with
the working chamber;

a second communication port formed 1n the partition plate
to communicate the working-fluid reservoir chamber
with the working chamber;

a rotor fixedly connected to the drive shaft;

a torque-transmitting viscous-coupling portion disposed
between the rotor and the fan housing to transmit
torque from the rotor to the fan housing via the working
fluid;

a first valve mechanism which adjusts an opening of the
first communication port 1n response to an atmospheric
temperature 1n a circumference of the fan housing; and

a second valve mechanism which adjusts an opening of
the second communication port 1n response to a refrig-
erant pressure 1n the air-conditioner condenser.

2. The fan drive as claimed 1n claim 1, wherein the first
valve mechanism provides an atmospheric-temperature ver-
sus volumetric capacity characteristic that the first commu-
nication port begins to open when the atmospheric tempera-
ture 1n the circumference of the fan housing reaches a
predetermined lower threshold value, and that the opening
of the second communication port increases linearly as the
atmospheric temperature 1n the circumference of the fan
housing increases from the predetermined lower threshold
value to a predetermined upper threshold value, and that the
opening of the second communication port 1s fixed to a
predetermined maximum value when the atmospheric tem-
perature 1n the circumference of the fan housing exceeds the
predetermined upper threshold value, and wherein the sec-
ond valve mechanism adjusts the opening of the second
communication port to a predetermined maximum value,
when the refrigerant pressure 1n the air-conditioner con-
denser exceeds a predetermined threshold value.
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3. The fan drive as claimed 1n claim 1 wherein the second
valve mechanism comprises a valve portion which opens
and closes the second communication port formed 1n the
partition plate, a push rod associated with the valve portion
to maintain the opening of the second communication port
at the predetermined maximum value when the push rod 1s
maintained 1n an active position and to close the second
communication port when the push rod 1s maintained in an
Inactive position, an actuator which shifts the push rod from
the 1nactive position to the active position 1n response to a
control signal, and a fan-drive controller which outputs the
control signal to the actuator when the refrigerant pressure

in the air-conditioner condenser exceeds the predetermined
threshold value.

4. The fan drive as claimed in claim 3, further comprising;:

a temperature-sensing bimetallic coil fixedly connected at
one end to the fan housing and mechanically linked at
the other end to the first valve mechanism for adjusting

the opening of the first communication port in response

to the atmospheric temperature in the circumierence of
the fan housing;

a refrigerant pressure sensor which monitors the refrig-
erant pressure 1n the air-conditioner condenser to gen-
erate a refrigerant pressure sensor signal;

a fan-drive controller electronically connected to the
refrigerant pressure sensor to receive the refrigerant
pressure sensor signal and to generate a control signal
when a value of the refrigerant pressure sensor signal
exceeds a predetermined threshold value; and

an actuator associated with the second valve mechanism
and being responsive to the control signal from the
fan-drive controller to shift the second valve mecha-
nism from a fully-closed position to a full-open posi-
tion.

5. The fan drive as claimed 1n claim 4, wherein the second
valve mechanism comprises a push rod to maintain the
opening of the second communication port at a predeter-
mined maximum value when the push rod 1s maintained in
an active position and to close the second communication
port when the push rod 1s maintained 1n an 1nactive position,
and the actuator shifts the push rod from the inactive
position to the active position 1n response to the control
signal.

6. The fan drive as claimed i1n claim 5, wherein the
actuator comprises a solenoid-operated actuator, which
COmMPrises:

an electromagnetic coil which 1s selectively energized in
response to the control signal from the fan-drive
controller,

a stationary core fixedly connected to an 1nner periphery
of the electromagnetic coil, and

a movable core connected to a bottom end of the push rod.

7. The fan drive as claimed 1n claim 6, wherein the first
communication port has a substantially L-shape, and the
second communication port has a substantially T-shaped
rectangle extending 1n a radial direction of the partition
plate, and wherein the second communication port com-
prises a small-width bottom fluid-communication portion
and a large-width top fluid-communication portion.

8. The fan drive as claimed in claim 7, wherein the
partition plate has a substantially cone-shaped embossed
portion which 1s projected toward the rotor, and the valve
portion of the second valve mechanism comprises a push
arm which 1s attached to the embossed portion of the
partition plate, so that the push arm pushes a back face of the
valve portion of the second valve mechanism in a direction
opening the valve portion of the second valve mechanism.
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9. The fan drive as claimed 1n claim 8, wherein the push
arm 1S bent at an intermediate portion thereof to form a
substantially C-shaped cross section except at an installation
end of the push rod.

10. The fan drive as claimed 1n claim 9, wherein the push
rod pushes a back face of the push arm.

11. The fan drive as claimed in claim 10, wherein the push
rod 1s moved toward the push arm by attraction produced by
the electromagnetic coil of the solenoid operated actuator.

12. The fan drive as claimed 1n claim 11, which further
comprises a second-valve-mechanism electromagnetic-coil
activation switch which 1s closed to supply electric power
from an electric power supply to the electromagnetic coil of
the solenoid-operated actuator, and wheremn, when the
refrigerant pressure, monitored by the refrigerant pressure
sensor of the air-conditioner condenser, exceeds the prede-
termined threshold value corresponding to a specified pres-
sure criterion above which an air-conditioner cut-oif switch
closes, the controller 1ssues the control signal to the second-
valve-mechanism electromagnetic-coil activation switch to
close the switch and transmit electric power from the electric
power supply to the electromagnetic coil.

13. The fan drive as claimed 1n claim 12, the first valve
mechanism comprises a valve portion which adjusts an
opening of the first communication port, and the valve
portion of the first valve mechanism 1s moved by the
temperature-sensing bimetallic coil.

14. The fan drive as claimed 1n claim 13, wherein the
valve portion of the first valve mechanism 1s formed as an
clongated flat-plate valve portion which is rotated by the
temperature-sensing bimetallic coil.

15. The fan drive as claimed 1n claim 14, wherein the first
and second communication ports are formed 1n the partition
plate by punching.

16. The fan drive as claimed 1n claim 15, wherein the push
arm 1s attached to the embossed portion of the partition plate
by riveting.

17. A fan drive comprising:

a Tan housing rotatably supported on a drive shaft so as to
be relatively rotatable with respect thereto;

a parftition plate dividing an internal space of the fan
housing into a working-fluid reservoir chamber and a
working chamber;

a first communication port formed 1n the partition plate to
communicate the working-fluid reservoir chamber with
the working chamber;

a second communication port formed in the partition plate
to communicate the working-fluid reservoir chamber
with the working chamber;

a rotor fixedly connected to the drive shaft;

a torque-transmitting viscous-coupling portion opera-
tively disposed between the rotor and the fan housing
to transmit torque from the rotor to the fan housing via
the working fluid;

a first valve mechanism which adjusts an opening of the
first communication port 1n response to an atmospheric
temperature 1n a circumierence of the fan housing; and
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a second valve mechanism which adjusts an opening of
the second communication port in response to a sensed
energy level mndicative parameter.

18. A control apparatus for a fan drive which cools an
engine cooling-system radiator and an air-conditioner con-
denser disposed 1n front of the cooling-system radiator, the
fan drive having a fan housing rotatably supported on a
motor driven drive shaft, a partition plate dividing an
internal space of the fan housing into a working-fluid
reservolr chamber and a working chamber, a rotor fixedly
connected to the drive shaft and a torque-transmitting
viscous-coupling operatively disposed between the rotor and
the fan housing to transmit torque from the rotor to the fan
housing via the working fluid, the control apparatus com-
Prising;:

a first communication port formed 1n the partition plate to

communicate the working-fluid reservoir chamber with
the working chamber;

a second communication port formed in the partition plate
and different from the first communication port to
communicate the working-fluid reservoir chamber with

the working chamber:

a duplex valve system including a {irst valve mechanism
having a first valve portion which adjusts an opening of
the first communication port, and a second valve
mechanism having a second valve portion which
adjusts an opening of the second communication port;

a temperature-sensing bimetallic coil fixedly connected at

one end to the fan housing and mechanically linked at
the other end to the first valve mechanism for adjusting
the opening of the first communication port in response
to an atmospheric temperature proximate the fan hous-
1ng,

a pressure sensor which monitors a refrigerant pressure in
the air-conditioner condenser to generate a refrigerant
pressure sensor signal;

a fan-drive controller electronically connected to the
refrigerant pressure sensor to receive the refrigerant
pressure sensor signal and to generate a control signal
when a value of the refrigerant pressure sensor signal
exceeds a predetermined threshold value; and

an actuator associated with the second valve mechanism
which 1s responsive to the control signal from the
fan-drive controller to shift the second valve mecha-
nism from a fully-closed position to a full-open posi-
tion.

19. The control apparatus as claimed 1n claim 18, wherein
the second valve mechanism comprises a push rod which
maintains the opening of the second communication port at
a predetermined maximally open value when the push rod 1s
1In an active position and to close the second communication
port when the push rod i1s 1n an inactive position, and
wherein the actuator shifts the push rod from the mactive
position to the active position 1n response to the control
signal.
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